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NFECTION and various forms of tissue injury evoke the acute-phase response. This response is characterized by fever, neutrophilia, decreased albumin synthesis, depressed serum iron and zinc levels, increased serum copper levels, and increased synthesis of acute-phase proteins such as C-reactive protein. 2~ The cytokine interleukin-1 (IL-1) is thought to mediate many aspects of the acute-phase response and to be responsible for certain metabolic alterations that occur after sepsis or severe trauma. 3'9-t 1,15,~9,21 Recent studies from our laboratory revealed increased IL-1 activity in the ventricular fluid of head-injured patients and clinical and biochemical evidence for the acute-phase response, such as fever and altered mineral metabolism in these same individuals. ~6 The purpose of this investigation was to study the duration and intensity of the acute-phase response in patients with varying severity of head injury.
Clinical Material and Methods

Patient Population
Twenty-five consecutive patients with peak Glasgow Coma Scale (GCS) 18 scores during the 24 hours after admission of either 4 or less or 8 or more were studied every 3rd day between hospital admission until 21 days postinjury (Fig. 1) . The patients were all admitted to the University of Kentucky Medical Center intensive care unit during the period 1982 to 1984. Twenty-three patients were male and two were female ( Table 1 ). The mean age was 33.8 years. In all patients the major injury was to the brain, and six had lesser extracranial injuries including rib, clavicle, and long-bone fractures. Fourteen patients suffered a closed head injury, three an intracranial hematoma, six a gunshot wound to the head, and one a depressed and another a nondepressed skull fracture. Clinical care was provided as described by us previously. 22 Patients received either enteral or parenteral nutritional support, with every effort m a d e to achieve caloric a n d nitrogen balance. At least 1.5 gm protein/kg body weight was a d m i n i s t e r e d to each patient, plus calories equal to those expended by Week l postinjury.
Blood was d r a w n from each patient between 8:00 a n d I0:00 a.m. every 3rd day in mineral-free plastic syringes for analysis of C-reactive protein, a l b u m i n , alpha-1 acid glycoprotein, ceruloplasmin, copper, a n d zinc levels. All samples were treated in such a way as to avoid external m i n e r a l c o n t a m i n a t i o n , a n d were frozen in mineral-free plastic tubes until analyzed. Daily nitrogen a n d caloric balance was calculated.
Assays
Zinc a n d Copper. After serum was diluted with deionized water, zinc a n d copper c o n c e n t r a t i o n s were measured by flame atomic absorption spectrophotometry.* Proteins. C-reactive protein, ceruloplasmin, a n d alpha-1 acid glycoprotein levels were m e a s u r e d by radial i m m u n o d i f f u s i o n using commercially available kits.t After s e r u m was treated with bromcresol purple dye, serum a l b u m i n c o n c e n t r a t i o n s were m e a s u r e d photometrically with a Hitachi i n s t r u m e n t .~ Urea Nitrogen a n d Nitrogen Balance. U r i n e was collected daily from 6:00 a.m. to 6:00 a.m. (24 hours) a n d was kept cool in a n ice bath until urea nitrogen * Techtron AA375 manufactured by Varian, Sunnyvale, California.
t Radial immunodiffusion kits manufactured by Calbiochem-Behring Diagnostics, San Diego, California.
Hitachi photometric analyzer obtained from Boehringer Mannheim Diagnostics, Inc., Houston, Texas. analysis was determined.w N i t r o g e n balance was calculated using the following formula: total nitrogen intake (gm) -( u r i n a r y urea nitrogen (gm) + insensible nitrogen loss (gm)).
Temperature and White Blood Cell Count. Rectal t e m p e r a t u r e s were d e t e r m i n e d h o u r l y while patients were in the intensive care unit a n d every four hours while patients were in the hospital ward. The peak t e m p e r a t u r e for each day was used in the analysis. The white b l o o d cell (WBC) c o u n t was d e t e r m i n e d by the hospital h e m a t o l o g y laboratory.
Statistical Analysis
In o r d e r to m e a s u r e any significant differences between groups, an analysis o f variance a p p r o p r i a t e for repeated measures d a t a was used. Statistical significance was defined b y p < 0.05. not significantly different in the n u m b e r o f p a t i e n t s who r e q u i r e d c r a n i o t o m y , had infections, o r h a d suffered e x t r a c r a n i a l injuries (Table 2 ). Calorie i n t a k e was overall significantly higher in G r o u p 1 p a t i e n t s (p < 0.03), b u t caloric a n d nitrogen balance was n o t significantly different b e t w e e n the two groups ( T a b l e 3). All patients s h o w e d s o m e signs o f the acute-phase response. A d m i s s i o n m e a n s e r u m zinc levels were d e p r e s s e d at 37.3 +_ 3.4 g g / d l (+_ s t a n d a r d error o f the m e a n ) for G r o u p 1 a n d 40.7 +__ 4.7 #g/dl for G r o u p 2 p a t i e n t s (Fig. 2) 
Results
Patients
o rm a l (70 to 140 ~tg/dl) in b o t h groups by D a y 11, with m e a n peaks o f 192 +_ 15 #g/dl on D a y 14 for G r o u p 1 a n d 166.0 +_ 7.2/~g/dl o n D a y 17 for G r o u p 2 p a t i e n t s (Fig. 3) . S e r u m C-reactive protein levels ( n o r m a l < 1. (Fig. 4) . S e r u m c e r u l o p l a s m i n levels increased a n d were (Fig. 7) . U r i n a r y u r e a nitrogen excretion was elevated above the n o r m a l range t h r o u g h o u t the study period, with m e a n peaks o f 18 + 3.8 g m / d a y for G r o u p 1 on D a y 7 p o s t i n j u r y a n d 24.8 _+ 4.0 g m / d a y for G r o u p 2 on D a y 11 p o s t i n j u r y (Fig. 8 ). Patients were frequently febrile u p o n admission; p e a k t e m p e r a t u r e was overall higher in G r o u p 1 t h a n in G r o u p 2 (p = 0.009) ( (Fig. 10) . Analysis o f groups showed no significant difference in any o f the acute-phase response p a r a m e t e r s in patients with c r a n i o t o m y versus those without, patients with extracranial injuries versus those without, patients with infections versus those without, a n d patients with gunshot w o u n d s versus those without. similar degree of this acute-phase response. In all tests studied except body temperature, there was no statistically significant difference between the two patient groups, with both groups having pronounced alterations in acute-phase responses. The marked metabolic changes noted in both groups probably related to the fact that the group with GCS scores of greater than or equal to 8 had a mean GCS score of 9.44 and thus still represented patients with relatively severe injury. In general, brain-dead patients or those patients with GCS scores greater than 14 demonstrated the least acutephase response.
Discussion
All patients in this study had some evidence of the acute-phase response. Interestingly, there were different trends in peaks and nadirs for the various metabolic parameters studied. This relates in part to the varying half-lives of the different proteins synthesized in the acute-phase and to differing mechanisms for the mediation of the metabolic events evaluated. 9'~ Initial interest in the acute-phase responses centered mainly on patients with infections. For example, Wannemacher, et aL, 2~ reported an immediate depression of the serum zinc and iron levels, subsequent increased copper and cenfloplasmin levels, and increased uptake of plasma amino acids in individuals with typhoid fever. They speculated that the response was a homeostatic mechanism designed to preserve host function, yet to deter proliferation and growth of bacterial organisms through the absence of essential nutrients such as zinc and iron. More recently, there has been a major interest in the acute-phase response after trauma or injury. Levels of acute-phase reactants, or ratios of positive to negative acute-phase reactants, have been used as indicators of prognosis and severity of injury.t7 The reason for the changes in plasma protein concentrations after injury has been postulated by some investigators to be for the production of a protective or demarcating zone around areas of tissue destruction. For example, proteinases released from leukocytes and lysosomes released from destroyed cells are inhibited by proteinase inhibitors such as alpha-1-antitrypsin and alpha-2-macroglobulin. An increase in fibrinogen provides adequate substrate for formation of fibrin and blood coagulation at the wound site. Moreover, certain of these proteins may play a regulatory role in the acute-phase response. Alpha-1 acid glycoprotein has recently been shown to decrease IL-1 activity in vivo. 5 Thus, a variety of biological functions have been postulated for the evolutionary development of the acutephase response after infection and injury.
There is some precedent for the profound acute-phase response noted in our head-injured patients. Studies from Schreiber's group have shown that mild thermal injury in experimental animals increased the messenger ribonucleic acid (mRNA) for fibrinogen eightfold, increased the m R N A for alpha-1 acid glycoprotein ninefold, and decreased the mRNA for albumin and prealbumin to about 80% of normal. 8 Similarly, in a study of 15 well-nourished patients undergoing minor surgery, who resumed normal oral feeding on the 1st postoperative day, there was a 35-fold increase in Creactive protein levels over baseline by Day 2 and major increases in alpha-I acid glycoprotein and alpha-1-antitrypsin level. 4 However, after this minor surgery, levels of C-reactive protein returned to baseline by the 5th postoperative day. This finding is in contrast to the results in our patients, who continued to exhibit abnormalities in their acute-phase protein response throughout the duration of the study. The pronounced and prolonged acute-phase response noted in our patients is in agreement with some previous studies of human head injury. In these studies, indicators of stress such as catabolic hormone levels, oxygen consumption, and 24-hour urinary nitrogen excretion were studied. Research by our group and others has shown that headinjured patients are hypermetabolic and hypercatabolic, and this period of altered metabolic status lasts for an extended period of time. 6'14'22 Indeed, Haider, et al., TM suggested that hypermetabolism may persist for up to 1 year after brain injury. However, these observations differ from those of Deutschman, et al., 7 who suggested that, through evaluation of urinary nitrogen excretion and plasma amino acid profiles, brain-trauma patients have a short period of altered metabolic response of approximately 1 week's duration.
The cytokine IL-1 has been postulated to play a major role in the acute-phase response after infection or injury. Recently, our group reported increased ventricular fluid IL-1 activity in head-injured patients. 16 Intracerebroventricular administration of IL-1 to experimental animals produces a profound metabolic response compared to intravenous or intraperitoneal administration of the same dose of IL-1. i'2'j9 Thus, it should not be surprising that small amounts of strategically located IL-1 in the brain of head-injured patients might also cause a profound systemic metabolic response in man.
In summary, these studies have demonstrated that patients with both severe (GCS score _< 4) and moderately severe (GCS score 8 to 14) head injury had a profound acute-phase response which lasted for the duration of the 2 1-day study period. Potential biological reasons for the development of the acute-phase response and mechanisms whereby this response is regulated have been discussed. The findings suggest that pharmacological modulation of certain aspects of the acutephase response (such as increased energy expenditure, accelerated proteolysis, and fever), while preserving the beneficial effects of IL-1 such as growth factor, may provide new modes of therapy for patients with severe trauma such as head injury. 12
